Individuals infected with human T-cell lymphotropic virus type 1 (HTLV-1) develop a robust immune response to the surface envelope glycoprotein gp46 that is partially protective. The relative contribution of antibodies to conformation-dependent epitopes, including those mediating virus neutralization as part of the humoral immune response, is not well defined. We assess in this report the relationship between defined linear and conformational epitopes and the antibodies elicited to these domains. First, five monoclonal antibodies to linear epitopes within gp46 were evaluated for their ability to abrogate binding of three human monoclonal antibodies that inhibit HTLV-1-mediated syncytia formation and recognize conformational epitopes. Binding of antibodies to conformational epitopes was unaffected by antibodies to linear epitopes throughout the carboxy-terminal half and central domain of HTLV-1 gp46. Second, an enzyme-linked immunoadsorbent assay was developed and used to measure serum antibodies to native and denatured gp46 from HTLV-1-infected individuals. In sera from infected individuals, reactivity to denatured gp46 had an average of 15% of the reactivity observed to native gp46. Third, serum antibodies from 24 of 25 of HTLV-1-infected individuals inhibited binding of a neutralizing human monoclonal antibody, PRH-7A, to a conformational epitope on gp46 that is common to HTLV-1 and -2. Thus, antibodies to conformational epitopes comprise the majority of the immune response to HTLV-1 gp46, and the epitopes recognized by these antibodies do not appear to involve sequences in previously described immunodominant linear epitopes.
Infection with human T-cell lymphotropic virus type 1 (HTLV-1) and HTLV-2 is a growing medical problem worldwide, with over 20 million estimated infections worldwide (reviewed in reference 6). HTLV-1 is the etiologic agent of adult T-cell leukemia and a progressive neurological disease known as tropical spastic paraparesis or HTLV-1-associated myelopathy (TSP/HAM, reviewed in reference 6). HTLV-2, a closely related retrovirus, was originally isolated from a patient with atypical hairy cell leukemia (16) but has been associated recently with a progressive neuropathy similar to TSP/HAM (13, 14, 32) . Although a robust immune response is elicited during infection, infection usually persists. Nonetheless, passive immunization studies with HTLV-1 human immune sera in appropriate animal models demonstrated that specific antibody therapy with virus-neutralizing activity could be protective if administered within 24 h of infection (1, 21, 22) . Similarly, passive immunization with HTLV-2 human immune sera protected susceptible rabbits from blood-borne HTLV-2 infection (25) . Thus, an effective vaccine for HTLV-1 or HTLV-2 should induce the antibody response that mediates virus neutralization as observed in naturally infected individuals.
Analysis of the humoral immune response to HTLV-1 demonstrated that the surface envelope glycoprotein, gp46, is the primary target of neutralizing antibodies (6) . Most studies have focused on antibodies to linear epitopes located on the carboxy-terminal half of gp46 (amino acids 170 to 312 [3, 4, 5, 7, 8, 10, 15, 17, 19, 27] ). These antibodies are found in more than 95% of infected individuals (reviewed in references 11 and 18), but the majority of antibodies to these epitopes do not mediate virus neutralization (4, 7, 10) . Linear epitopes located in the middle region of the envelope (amino acids 175 to 199), as defined by monoclonal antibodies, are more likely to have neutralizing activity (4) . Much less information is available about the role of antibodies to conformation-dependent epitopes on HTLV-1 gp46 in the mediation of virus neutralization. We recently reported on the production and initial characterization of 10 human monoclonal antibodies (HMAbs) to HTLV-1 gp46 (12) . Seven of these antibodies recognized conformational epitopes within HTLV-1 gp46, and all seven of these antibodies exhibited varying levels of virus neutralization activity. Competition analysis indicated that these seven HMAbs are directed at four distinct conformational epitopes within HTLV-1 gp46. Two of these HMAbs, PRH-7A and PRH-7B, recognized an epitope common to both HTLV-1 and HTLV-2 gp46 (12) . Studies performed with a vaccinia virus construct expressing HTLV-1 gp46 suggested that three of the HMAbs, PRH-7A, PRH-7B, and PRH-11A, could bind to nonglycosylated gp46 produced in cells treated with tunicamycin (2) . It is therefore likely that these antibodies do not bind to the carbohydrate moieties directly; little else is known about the locations of conformational epitopes within HTLV-1 gp46.
To better define the role of antibodies to conformational epitopes during natural infection with HTLV-1, studies were performed to measure the overall contribution of antibodies to conformation-dependent epitopes and to a specific conformational epitope as defined by a selected HMAb in sera from HTLV-1-infected individuals. Antibody competition analysis was used to evaluate whether the binding of antibodies to known linear epitopes throughout the carboxy-terminal and central domain of HTLV-1 gp46 inhibits the binding of HMAbs to conformational epitopes. A murine monoclonal antibody (mMAb) that did not affect the binding of HMAbs to conformational epitopes and exhibited equivalent reactivity to native and denatured HTLV-1 gp46 was employed in an enzyme-linked immunoadsorbent assay (ELISA) to quantify the reactivity of individual sera to native and denatured HTLV-1 gp46. We also used competition analysis to measure the relative abundance of PRH-7A-like antibodies to assess the magnitude of antibody response to a specific conformational epitope that mediates virus neutralization and is common to HTLV-1 and HTLV-2. The results of these analyses indicate that antibodies to conformational epitopes predominate in asymptomatic HTLV-1-infected individuals and that a substantial portion of this response is directed at the PRH-7A epitope. The implications of these results are discussed.
MATERIALS AND METHODS
Cell lines and antibodies. HTLV-1-infected cell lines, HUT-102 and MT-2, and an uninfected T-cell line, RPMI-8402, were propagated as described previously (12) . HMAbs antibodies PRH-1, PRH-7A, PRH-11A, PRH-4, and PRH-8 were produced, purified, and biotinylated also as described previously (12) . Human hybridoma 0.5 alpha (20) was obtained from the American Type Culture Collection, and secreted antibody was purified as described previously (12) . The mMAbs CLONE 65/6C2.2.34 (6C2), CLONE 67/5.5.13.1 (CLN 67), and CLONE 68/4.11.21 (CLN 68) were obtained from Cellular Products (Buffalo, N.Y.).
Antisera. The 29 HTLV-1-infected individuals whose sera were used in these studies were identified by the testing of samples sent to the Stanford Medical School Blood Center from 1988 to 1993 for HTLV-1 and -2 confirmatory testing. The panel included 24 samples from blood donors that presented at several California blood banks and 5 reference laboratory samples. Blood donation samples were from healthy individuals who would be expected to be asymptomatic for either adult T-cell leukemia or TSP/HAM. Information about the health status of the other five individuals was not available. All sera met standard serological criteria for HTLV-1 infection, including reactivity to p24 gag protein and to recombinant envelope proteins, p21E and MTA-1 (11, 18) . Eighteen of these serum samples were from individuals confirmed as HTLV-1 infected by PCR with HTLV-1-specific primers and probes by published procedures (19) . For those individuals for whom detailed epidemiological information was available (n ϭ 11 of the potential blood donors), 5 were male and 6 were female; the subjects ranged in age from 28 to 57. Nine of the 11 individuals had an identifiable risk factor for HTLV-1 infection; either they lived in a region where HTLV-1 was endemic or they had a sexual relationship with an individual at increased risk for HTLV-1 infection. Three of the 11 had an antibody response to the hepatitis B virus (HBV) core antigen, but not to the HBV surface antigen. No other antibody or antigen reactivity to other transfusion-transmitted viruses was observed. Control sera were from normal blood donations that were negative for HTLV-1 and -2, human immunodeficiency virus types 1 and 2 (HIV-1 and -2), HBV, and hepatitis C virus by standard screening assays.
Preparation of HTLV-1 and control cell extracts. MT-2, HUT-102, or RPMI-8402 cells were washed with phosphate-buffered saline (PBS) and resuspended in lysis buffer (150 mM NaCl, 20 mM Tris [pH 7.5], 0.5% deoxycholate, 1.0% Nonidet P-40, 1 mM EDTA). The protease inhibitors, pefabloc (Boehringer Mannheim, Indianapolis, Ind.), aprotinin, leupeptin, and pepstatin, were added to final concentrations of 0.5 mg/ml and 2, 2, and 1 g/ml, respectively. Fifty microliters of lysis buffer was then added for every 10 6 cells harvested. Nuclei were pelleted by centrifugation at 18,000 ϫ g at 4°C for 10 min, and the supernatant was either used directly or stored at 4°C for not more than 2 days prior to use. The extracts were diluted 1/5 with BLOTTO (2.5% nonfat dry milk, 2.5% normal goat serum, 0.1% Tween 20 [Sigma, St. Louis, Mo.], 0.02% sodium azide in Tris-buffered saline [TBS]: 150 mM NaCl, 20 mM Tris [pH 7.5]) and added to antibody-coated plates. Denatured extracts were prepared by adding in sodium dodecyl sulfate (SDS) to a final concentration of 0.5%, followed by incubation for 15 min in a 56°C water bath. After heat treatment, the extract was diluted 1/5 in BLOTTO the same way the untreated extracts were. Control experiments indicated that an SDS concentration of 0.1% did not significantly affect the binding of HMAbs recognizing conformational epitopes.
Quantitation of antibody reactivity. ELISA analysis of antibody reactivity was performed by methods similar to those previously described (23, 24) . Briefly, 100 l of PBS containing 1 g of the indicated antibody (usually mMAb 6C2) per ml was added to individual wells in 96-well microtiter plates and incubated for 60 min at 37°C. Wells were aspirated, washed once with TBS, and blocked by the addition of 150 l of BLOTTO at room temperature (RT) for 1 h. The wells were washed once with TBS, and 100 l of BLOTTO mixed with extracts containing native or heat-denatured env proteins (prepared as described above) was added to each well. After 1 h at RT, the wells were washed three times with TBS, and 100 l of BLOTTO containing dilutions of HTLV-1 or control sera was added to individual wells and allowed to incubate with bound env protein for 1.5 h at RT. The wells were washed three times with TBS. One hundred microliters of BLOTTO containing 10 ml of a murine immunoglobulin G1 (IgG1) monoclonal antibody (MOPC-21; Sigma) per ml plus either goat anti-human conjugated horseradish peroxidase (HRP; Kirkegaard and Perry, South San Francisco, Calif.) or goat anti-human alkaline phosphatase (Promega, Madison, Wis.) were added. Both secondary antibodies were used at a dilution of 1/5,000. The murine antibody was added to reduce cross-reactivity of the anti-human second antibody with the murine IgG1 antibody (6C2) used to capture env protein. After 1 h at RT, the wells were washed four times with TBS. Bound antibodies were detected by incubation with 100 l of either a 0.5-mg/ml solution of 2,2Ј-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) with 0.1% hydrogen peroxide (for HRP) or a 1 mg/ml solution of p-nitrophenyl phosphate (PNPP). Substrate development was allowed to proceed for 15 to 30 min, and the adsorbance of the wells was read at 405 nm with a multiwell plate reader (Du Pont Co., Wilmington, Del.). Results obtained from duplicate wells were averaged.
Antibody competition analysis was performed as described previously (12) . Briefly, HMAb PRH-1 was used as the capture antibody, and biotinylated HMAbs PRH-7A, PRH-11A, and PRH-4 were used as detection reagents. Bound biotinylated antibody (Bio HMAb) was detected with alkaline phosphatase-conjugated streptavidin (Amersham, Arlington Heights, Ill.), followed by the addition of 100 l of 1 mg/ml PNPP per well. Plates were incubated for 30 min at RT, and the adsorbance was read with a multiwell plate reader. 
RESULTS
To investigate the relative contribution of antibodies to conformational and linear epitopes in the immune response to HTLV-1 gp46, we first determined whether known linear epitopes and conformational epitopes, as defined by selected HMAbs, are overlapping. The ability of antibodies to linear epitopes to inhibit the binding of antibodies to conformational epitopes (or vice versa) was measured. A panel of monoclonal antibodies, both human and mouse, to linear epitopes within HTLV-1 gp46 was evaluated to inhibit the binding of selected HMAbs to conformational epitopes. An antibody, HMAb PRH-1, which had been demonstrated to effectively capture HTLV-1 gp46, was used to display the envelope protein to HMAbs recognizing conformational epitopes (12) . HMAb PRH-1 recognizes amino acids 260 to 294 of HTLV-1 gp46 both in native and denatured HTLV-1 gp46 (12) . The locations of linear epitopes within HTLV-1 gp46 recognized by the antibodies employed in this and other studies are indicated in Fig. 1 .
Antibodies to linear epitopes between amino acids 175 and 210 are known to mediate virus neutralization and to be highly prevalent in HTLV-1-infected individuals (4, 5, 11, 15, 18, 27) . Two antibodies, HMAb 0.5 alpha and an mMAb, CLN 68, to two overlapping epitopes within the central domain of HTLV-1 gp46 (amino acids 175 to 199) were tested for their ability to inhibit binding of HMAbs PRH-7A, PRH-11A, and PRH-4 to HTLV-1 gp46. HMAb 0.5 alpha recognizes the sequence PPLLPH (amino acids 188 to 193 [31] ), and mMAb CLN 68 binds to an epitope within amino acids 190 to 209 (29) . Neither 0.5 alpha nor CLN 68 significantly inhibited the binding of HMAbs PRH-7A, PRH-11A, and PRH-4, which recognize separate conformational epitopes (Fig. 2) . The apparent enhancement of binding of PRH-4 with HMAb 0.5 alpha (Fig. 2B) was not observed reproducibly. These results suggest that sequences within linear sequences known to encode virus-neutralizing epitopes are not involved in conformational epitopes that also elicit a neutralizing antibody response.
Antibodies to linear epitopes within the carboxy-terminal regions of HTLV-1 gp46 (amino acids 210 to 312), PRH-8, 6C2, and CLN-67 were evaluated in a similar manner. Both CLN-67 and 6C2 recognize denaturation-resistant epitopes common to HTLV-1 and HTLV-2 gp46 (12, 29) . As part of this study, we fine mapped the location of the CLN-67 epitope to amino acids 288 to 312 of HTLV-1 gp46 (data not shown), using recombinant proteins and methods as described previously (12) . None of the three antibodies in this study significantly inhibited binding of HMAbs PRH-7A and PRH-11A to HTLV-1 gp46. Inhibition of PRH-4 was tested only with antibodies 6C2 and CLN-67 (Fig. 2B ) due to the low concentration of HMAb PRH-8. Neither mMAb 6C2 nor CLN-67 had any effect on the binding of HMAb PRH-4. Each conformational HMAb, in contrast, was significantly inhibited by itself. As seen previously (12) , HMAbs PRH-11A and PRH-4 were strongly inhibited by HMAb PRH-7A, suggesting that these clearly distinct antibodies may have epitopes that are spatially close. The lack of inhibition of binding by antibodies to sequences within linear epitopes of the carboxy-terminal half of HTLV-1 gp46 suggested a lack of their involvement in the conformational epitopes recognized by HMAbs PRH-4, PRH-7A, and PRH-11A.
The murine MAbs, CLN-67 and 6C2, were then evaluated as capture antibodies in an ELISA-based detection system to quantify serum antibody binding to native and denatured HTLV-1 env protein. A gentle denaturation treatment of heating HTLV-1 gp46 containing lysate to 56°C for 15 min in the presence of 0.5% SDS was employed. Two HMAbs, PRH-7A and PRH-11A, to different conformational epitopes were used to measure the extent of denaturation obtained with this procedure (Fig. 3) . Results obtained with these HMAbs were compared with results obtained with HMAb PRH-1 that recognizes a linear epitope. All three HMAbs exhibited strong binding to native HTLV-1 gp46 captured by either 6C2 or CLN-67. When CLN-67 was the capture antibody, reactivity of HMAb PRH-1 toward denatured HTLV-1 gp46 was reduced by approximately two-thirds relative to native gp46. When 6C2 was employed as the capture antibody, HMAb PRH-1 was equally reactive with either native or denatured HTLV-1 gp46. Consequently, 6C2 was used as the capture antibody in further experiments. No specific binding to denatured HTLV-1 gp46 was observed with either HMAb PRH-7A or PRH-11A when either capture antibody was used. 56°C in the presence of 0.5% SDS was therefore sufficient to denature the tertiary structure of HTLV-1 gp46.
We next evaluated the ability of the capture ELISA to measure antibody reactivity of sera from HTLV-1-infected individuals to both native and denatured HTLV-1 gp46. Titration curves with either representative serum samples (seven from infected blood donors) are presented in Fig. 4 . A range of reactivity to native HTLV-1 gp46 was observed. For all sera, a strong signal was obtained with extracts from HTLV-1-infected MT-2 cells, with 2 to 4 l of serum (equivalent to a dilution of 1/50 to 1/25; Fig. 4 ). In the same experiments, the specific reactivity observed with 2 l of sera from uninfected individuals against native or denatured HTLV-1 gp46 ranged from 0 to a maximum OD of 0.018 (data not shown). Denaturation of the HTLV-1 gp46 significantly reduced the reactivity of serum HTLV-1 antibodies to the captured antigen. The two serum samples with the strongest residual reactivity to denatured HTLV-1 gp46 (Fig. 4A ) exhibited apparent 50% of maximum binding values towards native gp46 with 0.12 and 0.16 l of serum (equivalent to dilutions of ϳ1/600 and 1/800, respectively). For both these serum samples, an approximately-10 1.5 -greater amount of antibody was required to achieve a given adsorbance value with denatured HTLV-1 gp46 relative to native HTLV-1 gp46 (Fig. 4A) . The other six HTLV-1 antiserum samples had even greater differential reactivity to native HTLV-1 gp46. Thus, the antibody response of HTLV-1-infected individuals is directed primarily at denaturation-sensitive or conformational epitopes within HTLV-1 gp46.
This study was expanded to a larger panel of sera from 28 HTLV-1-infected individuals. The panel included the eight serum samples examined in Fig. 4 . Reactivity with 2 l of serum (dilution of 1/50) was used, since it was at or near the plateau level observed with strongly reactive HTLV-1 antisera (Fig. 4) . The mean adsorbance of the 28 serum samples with native gp46 was 0.71, with a range of 0.2 to 1.2 (Fig. 5 ). This value was significantly different from either the mean reactivity obtained with the same sera against native proteins captured from uninfected extracts (P Ͻ 0.0001, repeated measure analysis of variance) or the mean reactivity against HTLV-1 gp46 obtained from 10 serum samples from uninfected individuals (P Ͻ 0.0001, unpaired t test with Welch correction). The mean value obtained from the four HTLV-1-infected individuals whose health status was unknown (reference laboratory samples) was essentially equivalent (OD ϭ 0.73) to that obtained with the other 24 serum samples. The mean adsorbance obtained with HTLV-1 sera to denatured HTLV-1 gp46 was 0.196, which was significantly elevated compared to the mean adsorbance obtained with 10 negative serum samples (OD ϭ 0.077; P Ͻ 0.0001, unpaired t test with Welch correction). After background reactivity to proteins captured from uninfected extracts was subtracted, the mean serum antibody binding to native HTLV-1 gp46 was 0.674 OD units and the mean binding to denatured HTLV-1 gp46 was 0.119, differences which were also highly significant (P Ͻ 0.0001, Table 1 ). The mean reactivity of individual sera toward denatured gp46 was 14.7% of the value obtained with native HTLV-1 gp46, with values ranging from 1.2 to 43%. The majority of the sera (24 of 28; 86%) had antibody binding with denatured HTLV-1 gp46 that was less than 25% of the values obtained with native HTLV-1 gp46. Overall, the data from both the titration analyses and the larger panel of HTLV-1 sera indicate that the vast majority of the antibody response to HTLV-1 gp46 in an infected individual is directed against conformational epitopes.
We next measured for serum antibodies to the epitope recognized by HMAb PRH-7A. This epitope was selected because we demonstrated that HMAb PRH-7A mediates virus neutralization and recognizes an epitope common to HTLV-1 and HTLV-2. Furthermore, the lack of inhibition of PRH-7A by any of the other monoclonal antibodies tested and the complete inhibition observed with itself as a blocking antibody suggested that it should be possible to detect the presence of serum antibodies similar to PRH-7A. Antibody competition analysis was used to evaluate sera from HTLV-1-infected and uninfected individuals for the presence of antibodies capable of inhibiting binding of biotinylated PRH-7A to native gp46. Sera from 25 infected individuals were tested. Representative results with six serum samples are presented in Fig. 6A . All six sera exhibited significant inhibition of PRH-7A binding. No significant inhibition was observed with control sera from two uninfected individuals. A broad range in inhibitory activity was observed, with strongly inhibitory sera having approximately 100-fold-higher titers of inhibitory antibodies than those of more weakly inhibitory sera (compare rightmost and leftmost HTLV-1 inhibition curves).
Overall, 24 of 25 serum samples (96%) inhibited the binding of PRH-7A to native HTLV-1 gp46. The mean percent inhibition of PRH-7A binding observed with 10 l of competing sera for all HTLV-1-infected individuals was 89% (Fig. 6B) . This value was significantly elevated relative to the mean percent inhibition of 5% obtained with 12 serum samples from uninfected individuals (P Ͻ 0.0001, unpaired t test with Welch correction). For the entire panel, 50% inhibition of PRH-7A binding was observed with ϳ0.5 l of competing sera (dilution ϭ 1/200). The one serum sample that did not exhibit significant inhibition of HMAb PRH-7A had a relatively weak antibody response to native HTLV-1 gp46 (highest OD value, 0.370) and essentially no reactivity to denatured HTLV-1 gp46 (Fig. 4D, squares) . The largest amount of this serum tested (10 l) inhibited PRH-7A binding by 27%. The majority of HTLV-1 sera tested, 21 of 25 serum samples (84%), exhibited greater than 80% inhibition of PRH-7A binding with 10 l of sera regardless of whether overall reactivity to native HTLV-1 gp46 was strong or weak. These findings strongly argue that antibodies analogous to an HTLV-1 HMAb recognizing a conformational epitope and having strong neutralization activity (12) are highly prevalent among HTLV-1-infected individuals.
DISCUSSION
In this study, we determined the relative amounts of antibodies to conformational versus linear epitopes of HTLV-1 gp46 present during natural infection in a panel of asymptomatic individuals. Titration analysis and evaluation of a larger panel of sera at a low dilution indicated that the majority of the immune response to HTLV-1 gp46 in asymptomatic infected individuals is directed to conformational epitopes within HTLV-1 gp46. One implication of this finding is that capture assays employing native HTLV-1 gp46 may have some diag- a All values reflect specific reactivity to HTLV-1 envelope proteins, with background reactivity to proteins captured from uninfected extracts subtracted.
b % Reactivity remaining is the fraction of the total reactivity for each serum sample that is directed at denatured HTLV-1 gp46 protein. For each serum sample, this value is calculated as follows (OD denatured MT-2 Ϫ OD denatured uninfected)/(OD native MT-2 Ϫ OD native uninfected) ϫ 100. The average value is the mean % reactivity remaining obtained with all 28 serum samples. This calculation does not produce the same value as dividing the mean OD value for native HTLV-1 gp46 by the mean OD value obtained with denatured HTLV-1 gp46. Significance was calculated by using the unpaired t test with Welch correction.
c Significantly different from each other (P Ͻ 0.0001).
d Significantly different from each other (P Ͻ 0.0001).
e Significantly different from each other (P Ͻ 0.0001).
nostic utility. In this small panel, 28 of the 28 HTLV-1-infected individuals tested would have been identified as HTLV-1 positive with reasonable cutoffs (Fig. 3A) . Use of the capture assay may be relevant for the testing of individuals with indeterminate serology or as an alternative to current confirmatory antibody assays. There is currently no information on whether the antibody response to conformational epitopes precedes or follows development of antibody response to linear epitopes within the HTLV-1 envelope proteins or in other antigens. Such studies, with either appropriate animal models or seroconversion panels would be informative. The locations of amino acids involved in conformational epitopes are unknown. However, the observation that antibodies to linear epitopes within the carboxy-terminal region did not affect the binding of HMAbs PRH-7A, PRH-11A, and PRH-4 to gp46 suggests that the epitopes recognized by these HMAbs reside primarily in the amino-terminal half of HTLV-1 gp46. One sequence located in the amino-terminal half of HTLV-1 gp46 has been shown to induce HTLV-1-specific neutralizing antibodies when it is inoculated into goats (amino acids 90 to 98 [28] ). However, in a recent study mMAbs generated to a similar peptide (amino acids 89 to 110) did not immunoprecipitate native HTLV-I gp46 or recognize HTLV-I gp46 on the surfaces of infected cells (10) . Consequently, this particular sequence may not be accessible in native gp46. More focused studies aimed at mapping the locations of conformational epitopes within HTLV-1 gp46 will be required to evaluate the exposure and immunogenicity of the amino-terminal region of HTLV-1 gp46.
We also determined that 96% of 25 serum samples from HTLV-1-infected individuals possessed antibodies that strongly inhibited the binding of an antibody, PRH-7A, to a specific conformational epitope. Control experiments performed with monoclonal antibodies to known linear and conformational epitopes within HTLV-1 gp46 indicated that the inhibition assay was highly specific for antibodies analogous to PRH-7A. PRH-7A has been shown to strongly inhibit HTLV-1-mediated syncytium formation and recognizes a conformational epitope common to HTLV-1 and -2 (12). Thus, antibodies similar to PRH-7A have the potential to play a significant role in containing HTLV-1 infection in an infected individual. Although it would be desirable to evaluate HTLV-1 sera for the presence of other conformational antibodies, the high prevalence of antibodies to PRH-7A and the inhibitory effect of PRH-7A on binding of either PRH-4 or PRH-11A precluded these experiments. As the epitopes recognized by these other HMAbs are mapped, it may be possible to develop assays for the frequency of these antibodies by using epitope (Ϫ) mutants.
The one serum sample that did not inhibit PRH-7A binding was unremarkable except that it had a relatively low reactivity with native HTLV-1 gp46 (OD value of 0.297 with 2 l of sera; mean for panel of 0.674, as summarized in Table 1 ). The other four serum samples with the lowest overall reactivity to native HTLV-1 gp46 (specific OD range of 0.192 to 0.386) exhibited between 82 and 96% inhibition of PRH-7A binding with 10 l of sera. Thus, sera with relatively weak reactivity to native HTLV-1 gp46 can still contain substantial amounts of antibodies similar to PRH-7A. Other potential explanations for the failure of a particular HTLV-1 serum to contain antibodies analogous to PRH-7A include infection with an HTLV-1 isolate that has a mutation in one or more of the amino acids comprising the epitope recognized by PRH-7A. Alternatively, an individual may be recently infected and present with an incomplete antibody response. A third explanation is that the immune response to other conformational epitopes (such as that recognized by HMAb PRH-4) may predominate in select individuals.
The observation that the majority of the antibody response to the HTLV-1 envelope is directed at conformational epitopes is in agreement with similar studies performed with sera of HIV-infected individuals to native and denatured HIV envelope proteins (23, 24) . One implication of these studies is that an effective HTLV-1 vaccine needs to contain antigens that are able to induce antibodies to conformational epitopes mediating virus neutralization similar to those observed during Results obtained with the entire panel of sera. The mean percentages of inhibitions obtained for sera from HTLV-1-infected ({) and uninfected individuals (⌬) with the indicated amounts of sera are plotted. Error bars indicate 1 standard deviation from the mean. All assays were done with the indicated amount of sera diluted in 100 l of BLOTTO containing 2 g of biotinylated PRH-7A per ml. Twenty-five serum samples from HTLV-1-infected individuals were assayed for PRH-7A inhibition at 10 and 2 l, 18 samples were assayed at 0.25 l, and 7 samples were assayed at 0.5 l. Twelve serum samples from uninfected individuals were tested for PRH-7A inhibition at 10 l, 8 samples were tested at 0.25 l, and 2 samples were tested at 0.5 l.
natural infection. In contrast to HIV, evidence for a protective humoral immune response to both HTLV-1 and HTLV-2 is extensive as cited in references 1, 9, 21, 22, and 25. These include passive immunization studies with human gammaglobulin obtained from HTLV-1-infected donors, protecting susceptible rabbits from milk-borne and blood-borne HTLV-1 infection (22) . Another, perhaps more subtle, implication of these studies concerns the relationship of antibody titer to HTLV-1 proviral load and disease status. Several studies have noted an increase in reactivity to denatured HTLV-1 viral proteins or to HTLV-1 envelope synthetic peptides in individuals with TSP/HAM (3, 26) . Higher antibody titers have also been observed in individuals with high proviral loads or individuals whose lymphocytes exhibit spontaneous lymphoproliferation (30, 33) . However, the assays employed in these studies did not measure antibody response to conformational epitopes within HTLV-1 gp46, and the conclusions drawn were based on the assessment of a minority of the total antibody response to HTLV-1 gp46.
Whether the antibody response to conformational epitopes is correlated with either disease status or HTLV-1 proviral load remains an open question. In this panel, up to a 100-fold range in the overall titer to native HTLV-1 gp46 and the amount of PRH-7A-like antibodies was observed in sera from primarily healthy infected blood donors. Although we cannot exclude the possibility that one or more individuals included in this panel progressed to disease, the results obtained reflect the antibody profile of infected individuals with disease containment. It is possible that the wide range in antibody response is due to infection with different HTLV-1 genotypes. Other studies, however, of similar populations would predict that 90% or more of the individuals in this study would be infected with the cosmopolitan genotype (34) . Additional studies evaluating the full range of antibody response in relation to HTLV-1 disease progression and other predictive parameters, such as spontaneous lymphocyte proliferation, proviral load, and the overall immune status of the infected individual, are clearly warranted. The assays described in our study provide a means of addressing this issue. Furthermore, evaluation of the antibody response to native HTLV-1 gp46 in concert with studies directed at better defining the locations of conformational epitopes mediating virus neutralization should provide important insights into the structure and function of the HTLV-1 envelope protein.
